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of Trondheim, Trondheim, NorwayObjectives. To study early mortality and long-term survival of patients more than 80 years of age having elective open
repair for abdominal aortic aneurysm (AAA).
Design. Retrospective multicenter cohort study.
Material. One hundred and five patients, 23 women and 82 men, with a median age of 82 years, operated at three
Norwegian hospitals during the period 1983–2002.
Method. Survival analyses were based on data from medical records and the Norwegian Registrar’s Office of Births and
Deaths. Expected survival was based on mortality rates of the general population, matched by age, sex, and calendar period.
Relative survival was calculated as the ratio between the observed and the expected survival.
Results. During the study period there has been a 10 fold increase in octogenarians treated with open operation for AAA.
Early mortality (30-day) for the whole group of patients was 10.5% (95% confidence interval (95% CI) 5.3–18.0), and
similar for both genders. The 5-year survival rate was 47% (95% CI 35.9–57.4), and not significantly different from that of a
matched group in the general population. Patients aged 84 years or more had a median survival time of 35 months (95% CI
18.5–51.6).
Conclusion. The number of AAA operations in octogenarians has increased considerably during 20 years. Octogenarians
operated electively for AAA has higher 30-day mortality as compared to younger patients. Their long-term survival appears
similar to a matched control group. The benefit of surgery must be carefully considered against the perioperative risk,
especially for the oldest octogenarians.Keywords: Abdominal aortic aneurysm; Elective surgery; Octogenarians; Survival.Abdominal aortic aneurysm (AAA) is an age-related
disease accounting for 1–2% of all deaths in men.1 The
overall life expectancy of the population is rising and
more elderly patients are likely to present with AAA in
the future. At present, surgery is the only treatment
option for aortic aneurysms, but the risk of operation is
not negligible and it increases with age. Most series
published on this topic have included a limited
number of patients from a single institution.2 How-
ever, one register-based study with more than 200
male octogenarians operated electively has been
reported previously.3
The objective of this study was to assess the early
mortality (30-day), complication rate and long-term
survival of patients aged 80 years or more who hading author. Prof. Hans O. Myhre, Department of
versity Hospital of Trondheim, N-7006 Trondheim,
: hans.myhre@medisin.ntnu.no
0489 + 07 $35.00/0 q 2005 Elsevier Ltd. All rights reserbeen treated electively with open operation for AAA.
Furthermore, we wanted to compare the long-term
survival of the study group with an age and sex
adjusted normal population to estimate relative
survival.Material and MethodPatients
During the period 1983–2002, 1408 consecutive
patients treated with open elective operation for
AAA were retrieved from medical and administrative
registers at two university hospitals and one county
hospital in Norway. Of these patients, 105 patients
were octogenarians and enrolled for this study. Thirty-
one octogenarians of 188 patients treated electively
with endovascular aortic aneurysm repair (EVAR) inEur J Vasc Endovasc Surg 29, 489–495 (2005)
doi:10.1016/j.ejvs.2005.02.001, available online at http://www.sciencedirect.com onved.
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women and 82 men were included. The median age of
the patients was 82 years (inter quartile range (IQR)
80.7–83.9), and 24 patients were more than 84 years of
age. Although the age distribution was similar
between genders, men tended to be slightly older
than the women (82.2 versus 80.8). The median size of
the aneurysms was 65 mm (IQR 58–80). There were no
significant differences in aneurysmal size between
subgroups of patients, but women seemed to have
slightly larger aneurysms than men (68 versus 65 mm).
Data on risk factors such as coronary heart disease
(angina pectoris, myocardial infarction or treatment
with aorto-coronary bypass/percutanous coronary
intervention) congestive heart disease (CHD), renal
failure (serum creatinine concentrationO140 mmol/l),
chronic obstructive pulmonary disease (COPD) and
postoperative complications were extracted from the
medical record of each patient. Follow-up was based
on the Norwegian Registrar’s Office of Births and
Deaths, which is updated every 14 days. Mean follow-
up for the survival analysis was 42.4 months with a
median of 34.3 months, and a 100% follow-up was
obtained.Statistics
To compare median values we used Mann–Witney U
test, and proportions were compared with the Pearson’s
X2 test. Crude survival was calculated using the
product limit method, and illustrated as Kaplan–
Meier curves. Relative survival was calculated as the
ratio between observed and expected survival.
Expected survival was estimated from mortality
rates issued by the Norwegian Bureau of Statistics,
and matched for age, sex, and calendar period using
the Ederer I method.4 Data were handled in SPSSw
11.0, but imported to Stataw 8.0 for survival analysis.Results
The frequency of elective AAA operations increased
during the study period from five operations in the
three hospitals during the 5-year period 1983–1987, to
50 operations in the time span from 1998 to 2002 (Fig. 1).
Dominating co-morbidities were cardiovascular dis-
ease and renal failure (Table 1). Risk factor distribution
was similar for men and women, except for renal
failure, which was more frequent among men (21
versus 0%, pZ0.02).
The early mortality (30 day) for the total group of
patients was 11% (CI, 5.3–18.0), and was similarEur J Vasc Endovasc Surg Vol 29, May 2005among men and women; 11 and 9%, respectively
(Table 2). The 24 patients aged 84 years or more had an
early mortality of 17% compared to 9% for the patients
aged 80–83 years (pZ0.26). Early mortality did not
change during the study period. During the years
1983–1994, 35 patients were operated with four early
deaths (11%), while seven out of 70 patients (10%) died
within 30 days after surgery during the period 1995–
2002. For comparison, 30-day mortality after elective
operation in patients less than 80 years of age was 4.2%
in the two university hospitals in the same period.
Data from the county hospital were not available.
Similar results were obtained in multivariate Cox’
regression analyses in which we adjusted for pre-
operative risk factors (CHD, COPD, diabetes, kidney
insufficiency) as well as age, gender and calendar
period of operation.
Twelve patients were reoperated on for surgical
complications; nine due to haemorrhage, two with
intestinal necrosis and one with critical lower limb
ischaemia. The most frequent medical complications
were myocardial infarction (MI) and renal failure
(Table 2). Of the 11 deaths within 30-days, eight were
due to cardiac complications. Only three of these
patients had known heart disease preoperatively. Five
of the 11 patients with a postoperative MI died within
30 days of the operation. Of the 17 patients with
preoperatively registered renal failure, eight had
normal serum creatinine values in the early post-
operative phase, whereas two of these patients needed
temporary postoperative dialysis. Fourteen patients
(13%) needed postoperative respiratory support for
more than 1 day. The median postoperative hospital
stay was 9 days.
Mean follow-up for survival analysis was 42.4
months with a median of 34.3 months. Overall 5-year
crude survival was 47% (Fig. 2, Table 3). The expected
5-year survival based on national figures was 55%,
giving a relative survival of 86%. The observed
differences in survival between men and women (log
rank test, p-valueZ0.2), and between the younger and
oldest patients in the cohort (log rank test pZ0.13)
were not statistically significant. The 5-year survival
among men (42%) (Fig. 3) seemed lower than among
women (68%), (Fig. 4, Table 3). For patients aged 84
years or more, the 5-year survival was 38% compared
to 50% in patients aged 80–83 years. The 5-year relative
survival was somewhat lower for men (81%) than
among women (101%), while the relative survival for
patients aged 80–83 years and for patients aged 84
years or more, were similar (86 and 82%, respectively).
Overall median survival was 52 months, being slightly
longer for women (63 months), than for men (42
months), and somewhat longer for patients aged 80–83
  
Fig. 1. The number of AAA operations in octogenarians from
three Norwegian hospitals in 5-year intervals during the
period 1983–2002.
Table 2. Postoperative results following 105 consecutive elective
open operations of AAA in octogenarians
N Percent
Complications
Mortality 30 day (all) 11 10.5
Women 2 8.7
Men 9 11.0
Reoperations 12 11.4
Myocardial infarction 11 10.5
Postoperativ CHD 9 8.6
Renal failure* 10 11.4
Dialysis† 2† 1.9
Wound infection 0 –
Amputation 0 –
Resources
Median postoperative hospital stay
(d, IQR)
9 (7.2–14.0) –
Ventilatory supportO1 day 14 13.3
IQR, inter quartile range; CHD, congestive heart disease.
* Patients without preoperative renal failure.
† Both patients had preoperative renal failure.
Survival in Octogenarians Operated for Abdominal Aortic Aneurysm 491years at operation (54 months) compared to patients
aged 84 years or more (35 months).DiscussionEarly mortality and complications
An early mortality of 11% might be regarded as high
for a prophylactic procedure, but the figure is in
accordance with the mortality for high-risk patients in
a recent review article.5 Although the 30-day mortality
in some centers of excellence is less than 2%, most
centres report perioperative mortality exceeding 5%
for all patients operated electively for AAA.5,6 For
octogenarians, early mortality was 8% in a register-
based report, although the numbers vary in differentTable 1. Co-morbidities in 105 consecutive octogenarians operated
electively for AAA in three Norwegian hospitals 1983–2002
N Percent
Co-morbidity
Hypertension 38 36.2
Coronary heart disease 31 29.5
Arrhythmia 16 15.2
Renal failure 17 15.2
Valvular heart disease 9 8.6
COPD 7 6.7
Cerebrovascular event 7 6.7
Clinical CHD 5 4.8
Diabetes 5 4.8
CHD, congestive heart disease; COPD, chronic obstructive pul-
monary disease.publications from single hospitals.2,3,7 Our multicenter
study supports the observation that octogenarians are
at higher risk than younger patients of early post-
operative death. Due to the small size of the present
study, a formal analysis of the causes of death would
not be meaningful, and was thus abandoned. But as
expected, cardiac disease was the dominating cause.
The complication rate in this series also seems fair,
although 11% reoperations is rather high. Nine
reoperations due to haemorrhage may indicate a
potential for improved surgical technique, although
all the procedures were performed in vascular units
where trained vascular consultants usually attend all
operations. Myocardial infarction (MI) was a dominat-
ing complication, and 50% of the patients with
postoperative MI had no previous history of coronary
heart disease. Guidelines have been published on
preoperative assessment before major surgery, but no
randomised clinical trials (RCT) on the matter have to
our knowledge been reported yet.8 In addition to
history, physical examination and ECG, walking
together with the patient up stairs is an inexpensive
and efficient test of functional capacity, which can
easily be done to select patients for further cardiac
evaluation.9
Eight out of 17 patients with preoperative renal
failure according to our definition had a postoperative
normalisation of serum creatinin values. This indicates
that our preoperative cut-off value for serum creatinin
concentrationO140 mmol/l may have been too low for
identifying patients at elevated risk. Treatment of
preoperative dehydration is the most likely expla-
nation for the postoperative improvement in renal
function observed in some of these patients.
Patients with AAA often have generalisedEur J Vasc Endovasc Surg Vol 29, May 2005
Fig. 2. Survival probability of the total group of 105 octogenarians (—) operated electively for AAA compared with a matched
population (– – –).
E. S. Haug et al.492atherosclerotic disease, which is a well-known risk
factor for early postoperative complications and death.
Still, atherosclerosis is widely distributed among
octogenarians in general, and patients selected for
elective operation may also have been healthier than
the general population in the same age groups apart
from the AAA. A median postoperative stay of 9 days
is in accordance with other publications on patients
aged 80 years or more.10Gender
The UK small aneurysm trial has indicated that the
risk of rupture in women is three times higher
compared to men with similar aneurysm size.11
Thus, a 60 mm aneurysm in a man corresponds
roughly to a 52 mm aneurysm in a woman because
women are smaller than men.12 In this study, we did
not find any significant differences in early mortality
or survival between the genders, probably due to theTable 3. Crude and relative 1- and 5-years survival stratified by se
Norwegian hospitals 1983–2002
Variable N 1-year survival (%)
Observed survival Relative survival*
All 105 83.8 94
Women 23 87.0 93
Men 82 82.9 94
80–83 81 85.2 94
O84 24 79.2 92
* Relative survival was calculated as the ratio between observed and
mortality rates from the general population matched by age, sex, and
Eur J Vasc Endovasc Surg Vol 29, May 2005small number of patients, but the women showed a
tendency of better long-term survival after operation.
Surprisingly the women also had slightly larger
aneurysms than the men, which actually should
imply a greater risk of rupture.5 One explanation
could be that more elderly women than men have been
turned down for elective surgery during this period. It
has previously been demonstrated that women are
also less likely to be selected for open repair of
ruptured aneurysm.13 The comparison between men
and women may, therefore, have been biased if
healthier women than men were selected for oper-
ation. The possibility of a higher threshold for surgery
in women could also be supported by the finding of a
significantly higher prevalence of renal failure in the
male population of the cohort.Number of operations
A 10 fold increase in admissions of octogenarians inx and age in octogenarians operated electively for AAA in three
5-year survival (%)
95% CI Observed survival Relative survival* 95% CI
84–100 47.1 86 65–105
70–103 68.2 101 61–126
82–101 41.7 81 58–104
83–101 49.7 86 64–107
66–105 37.7 82 37–127
expected survival. Expected survival was estimated based on
calendar time using the Ederer I method.
Fig. 3. Survival probability of 82 male octogenarians operated electively for AAA (—) compared with a matched population
(– – –).
Survival in Octogenarians Operated for Abdominal Aortic Aneurysm 493surgical departments has also been documented by
others.14 They also found an increase in operations on
octogenarians from 1.1 to 5.1% relative to all oper-
ations performed in one hospital during the period
1973–1989. This may not only reflect a growing
population of octogenarians, but also a greater
expectation of a successful outcome of surgery in this
group of patients. Improved postoperative care,
anaesthesia and surgical methods might have pro-
moted this development. Since the technique of EVARFig. 4. Survival probability of 23 female octogenarians operated
(– – –).was established in Norway in 1995, several octogenar-
ians have been recommended for EVAR. If the patients
treated with EVAR had been included in this study, the
increase of octogenarians treated for AAA would have
been even larger during recent years.
Benefit from operation
The patients selected for the present study were
operated on prophylactically for an asymptomaticelectively for AAA (—) compared with a matched population
Eur J Vasc Endovasc Surg Vol 29, May 2005
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relative survival seems fair. Ideally a study on benefit
from treatment should be performed as a RCT, but it
would probably be both ethically and medically
difficult for many surgeons not to treat patients with
large AAA’s. In two RCT’s on small aneurysms,O60%
of the patients in the surveillance groups underwent
operation during the study period.15,16 Another
problem is the weak documentation on the natural
history of expansion and rupture of large aneurysms.
In a recent study rupture occurred in 50 patients who
had previously been turned down for elective sur-
gery.12 Among them 22 patients were operated on
when rupture took place and the 30-day mortality
after operation was 50%. The average rupture rate for
men and women with AAA O60 mm was 19% per
year. The contribution of aneurysm repair to life
prolongation in octogenarians with limited life expect-
ancy is, therefore, questionable. A recent review also
emphasized that the number of years lost is greater for
a death occurring during elective AAA repair than for
a death resulting from late rupture, e.g. at 86 years of
age.17 Another study showed that 50% of patients unfit
for elective operation of aneurysms with a diameter of
more than 70 mm had died from other causes than
rupture within 16 months.18 Studies have also been
performed to assess gained lifetime relative to the
costs of operation for ruptured AAA in octogenar-
ians,19 but we have not found similar studies on
benefit from elective operation. In elderly patients it is,
therefore, difficult to balance the benefit of an
operation against the risk of mortality and compli-
cations following surgery.
One study reported a similar quality of life (QoL) in
patients surviving operation for AAA and in the
normal population, but a period of 3–6 months was
necessary to recover from operation.20 In contrast,
another study showed that 36% of operated patients
experienced lack of recovery to preoperative status
after an open AAA operation, and 18% would not
undergo open AAA repair again after having experi-
enced the recovery process.21
The surgeon should, therefore, in addition to the
possibility of prolonging the patient’s life, consider the
possibility of worsening the physical and mental
status of the patient after the operation. Knowing the
risk of early death and the problems of postoperative
recovery, information rather than persuasion seems
most appropriate when deciding whether to operate
on patients over 80 years of age with AAA or not.
Results from studies on treatment with EVAR seem to
make this an attractive alternative when treating
elderly patients with limited life expectancy, provided
they are anatomically suited.22–26 Although theEur J Vasc Endovasc Surg Vol 29, May 2005potential for late complications has been higher after
EVAR than after open repair, this method seems to
have a lower mortality (30 day) and a lower risk of
serious morbidity and impaired physical function-
ing.27–29Conclusion
The risk of early death after elective open AAA repair
is higher for octogenarians than reported for younger
patients. Long-term survival appears similar to that of
a population matched for age and gender. However,
the benefit of operation should always be thoroughly
evaluated, especially among the older octogenarians.
When suitable, EVAR might be considered in elderly,
high-risk patients.Acknowledgements
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